| BACKGROUND
Glycerol, a trihydroxy polyol (1,2,3-trihydroxypropane) , is extensively used in a wide array of topical dermatological and cosmeceutical preparations. Indeed, glycerol improves hydration of the epidermis (moisturizing effect) by preventing water loss due to its hygroscopicity and by inhibiting stratum corneum (SC) lipid phase transition, [1, 2] exerts keratolytic actions by enhancing desmosomal degradation [3] and promotes wound healing. [4, 5] In human studies, glycerol application increased SC hydration, accelerated skin barrier repair, exerted antiirritant and penetration enhancing effects and improved mechanical properties of the skin. [6] Further details about the role of glycerol in
In contrast to glycerol, we possess much more limited data on the cutaneous effects of a closely related polyol, namely xylitol ((2R,3r,4S)-pentane-1,2,3,4,5-pentol), an achiral sugar, [11] which can also be synthesized in the human body, and is often used as a food additive. Xylitol was found to inhibit Staphylococcus aureus biofilm formation (characteristic for atopic dermatitis) [12] [13] [14] [15] [16] and augment collagen formation. [17, 18] Moreover, in a human study, we have recently shown that xylitol (similar to glycerol) markedly suppressed sodium lauryl sulphate-induced transepidermal water loss and exerted antiirritant actions. [19] Interestingly, albeit xylitol containing hydrogel formulations were found to increase skin hydration, [20] xylitol failed to correct the impaired hydration and epidermal barrier of AQP3-deficient mice.
[7]
| QUESTIONS ADDRESSED
We hypothesized that cellular actions of glycerol and xylitol may not be exclusively attributed to their physico-chemical properties and
proposed that they may modulate expression of certain genes and activities of signalling pathways that are involved in the regulation of proliferation and differentiation of epidermal keratinocytes.
| EXPERIMENTAL DESIGN
Human skin samples were collected after written informed con- were isolated and cultured according to our optimized protocols. [21] Detailed description of the determination of cell viability (MTT assay), [21, 22] cell death (DilC 1 (5)-SYTOX Green assay), [21, 22] mRNA (Q-PCR) [21] [22] [23] [24] and protein level gene expression (Western blot, immunocytochemistry), [21, 22, [24] [25] [26] [27] [28] as well as the investigation of the Ca 2+ homeostasis, [21, 26, 29] can be found in Data S1 and in Table S1 . When applicable, data were analysed using Student's two-tailed, unpaired t test, and P < .05 values were regarded as significant differences.
| RESULTS

| Polyols do not affect viability of NHEKs
We first assessed the effects of polyols on cellular viability. Cultured
NHEKs were treated with various concentrations of glycerol (0.0027%-0.27%) and xylitol (0.0045%-0.45%), establishing identical osmolarities, for up to 72 hours. As presented in Figure S1 , neither polyol affected viability (MTT assay). The lack of cytotoxicity was also verified by fluorimetric DilC 1 (5) and SYTOX Green labelling (data not shown). Therefore, in the further experiments, the highest polyol concentrations were utilized.
| Polyols differentially alter expressions of various differentiation/barrier markers
Next, we studied the effects of polyols on the expression of such molecules (filaggrin, involucrin and loricrin) which play key roles in the differentiation programme in epidermal keratinocytes and hence participate in the establishment of the epidermal barrier. [30, 31] As the differentiation programme of cultured NHEKs is automatically initiated upon reaching confluence (high-cell density-induced differentiation), [28, 32, 33] we first investigated the putative "pro-differentiating" We also studied the effects of polyols on the expression of occludin, a key molecule of epidermal tight junctions also involved in barrier formation. [34] Importantly, both polyols significantly increased the expression of occludin mRNA both in the pre-and postconfluent cultures (48 hours; Figure 1D ).
| Polyols do not elevate [Ca
2+ ] i of NHEKs
We then intended to assess the effects of polyols on such signalling pathways, which were shown to be involved in controlling epidermal differentiation. First, we measured the effects of polyols on the level
] i , whose elevation is one of the key events in initiating the cellular differentiation process. [35] Importantly, neither polyol elevated
] i of cultured NHEKs ( Figure S3 ).
| Xylitol selectively translocates PKCδ
Protein kinase C (PKC) isoforms are key intracellular signalling molecules fundamentally involved in regulating cellular proliferation, differentiation and survival. [36] In human epidermal keratinocytes, activation of PKCα and δ isoforms was shown to promote differentiation; [27, 37] therefore, we measured the effects of polyols on these isoenzymes. As activation of PKCs can be followed by assessing their translocation (i.e.
transition from a given cellular compartment to another one), [25, 27] we employed confocal microscopy following immunolabelling of the isoforms after treatment. As shown in Figure S4 , the polyols did not alter the subcellular localization of the Ca PKCδ (Figure 2A ), suggesting that xylitol may activate it.
| Polyols activate the MAPK pathway in NHEKs
Another important signal transduction system that controls multiple keratinocyte functions is the mitogen-activated protein kinase (MAPK) system; [38, 39] therefore, we also measured the effects of polyols on the activity of this signalling pathway. As shown by Western blotting ( Figure 2B ), both xylitol and glycerol activated the MAPK cascade, as reflected by the transiently increased phosphorylation of Erk1/2 (p42/44) MAPK.
| Polyols exert differential anti-inflammatory effects in NHEKs
Next, we assessed whether glycerol and xylitol can modulate the inflammatory response of keratinocytes. For this, NHEKs were treated with activators of the toll-like receptor (TLR) pathways, [40] that is with lipoteichoic acid (LTA; TLR2); polyinosinic:polycytidylic acid (poly-(I:C); TLR3); and lipopolysaccharide (LPS; TLR4), and the effects of the polyols on the TLR-mediated up-regulation of various inflammation markers-interleukins (IL), tumor necrosis factor-α (TNF-α), matrix metalloproteases (MMP)-were determined. Moreover, we also measured the expression changes in HLA-DR whose up-regulation in the skin was shown to be related to keratinocyte immune activation, inflammation and TLR signalling. [41, 42] In our hands, mRNA expression of HLA-DR exhibited some donor dependence; however, both polyols at least tended to prevent the TLR-induced up-regulation of HLA-DR in all cases when TLR stimulation elevated it (and when the elevation was great enough, xylitol could significantly suppress it; Table S2 ). In addition, albeit exerting somewhat donor-dependent effects, both polyols were able to significantly suppress TLR activation-induced upregulation of IL-1α and IL-1β in the majority of the cases (Table S3-S4) . Interestingly, although the polyols were less efficient in case of IL-6 and IL-18, and could hardly decrease TLR activation-induced expression of IL-8 (Tables S5-S7) , xylitol was quite effective in 
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FIGURE S1
Polyols do not affect viability and proliferation of NHEKs.
FIGURE S2
Glycerol up-regulates the expression of loricrin.
FIGURE S3 Polyols do not elevate [Ca
2+
] i of NHEKs.
FIGURE S4
Neither polyol induce the translocation of PKCα in NHEKs. 
